Amendments to the Specification: 

Please replace the Specification of the present application, including the 
Abstract, with the following Substitute Specification. A marked-up version of the 
Substitute Specification and Abstract is attached hereto. 
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TITLE 

PROTECTION CIRCUIT 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] The present application claims priority to Japanese Patent Document 
No. 2004-291756 filed on October 4, 2004, the disclosure of which is herein 
incorporated by reference. 

BACKGROUND 

[0002] The present disclosure relates to a protection circuit which protects a 
battery pack from overcurrents and overvoltages using a protection device having 
heating resistors and fuse elements provided on a circuit board. 

[0003] As mobile electronic devices such as cellular telephones or notebook 
PCs have been widely used, the lithium-ion battery market has expanded. These 
mobile electronic devices typically employ a battery pack having a power supply 
including one to four lithium-ion batteries connected in series. Such a battery pack 
may ignite or cause smoke when the lithium-ion battery is overcharged (i.e., 
becomes under an overvoltage) during recharging, and is thus provided with a 
protection circuit to avoid overcharges. 

[0004] This protection circuit is required to protect the batteries from both 
overcurrents and overvoltages. To this end, a protection circuit is employed which 
includes a protection device having heating resistors and fuse elements provided on 
a circuit board, and a sensing device for detecting an overvoltage and switching a 
current flowing into the protection device. This protection circuit is designed such 
that the fuse element is melted in an overcurrent condition, while in an overvoltage 
condition, the sensing device allows a current to suddenly flow through the heating 
resistor, thereby causing the heating resistor to generate heat by which the fuse 
element is melted. See, Publication of Japanese Patent No. 2790433. 

[0005] In recent years, as the market for mobile electronic devices that 
operate on a large current has been expanded, such a battery pack has come into use 
that operates at a rated voltage for about 10 serially connected lithium-ion batteries, 
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which is well over previous rated voltages for four or less serially connected 
lithium-ion batteries. 

[0006] On the other hand, in the aforementioned battery pack protection 
circuit, the voltage applied across the heating resistor of the protection device is 
dependent on the number of serially connected batteries that are included in the 
battery pack. Accordingly, to ensure that the fuse element of the protection device 
is melted in an overcharge condition, a lineup of protection devices has to be 
prepared each of which is provided with a heating resistor having an appropriate 
resistance value for each number of serially connected batteries. However, now 
that battery packs have a variety of voltage ratings for four or less to about ten 
serially connected lithium-ion batteries, this has become problematic due to an 
increase in costs or prices resulting from many different protection devices being 
produced. 

[0007] For example, in the protection circuit IX of Fig. 6 and a protection 
circuit 1Y of Fig. 7, if protection devices 2 A and 2B each include heating resistors 
3 and fuse elements 4 are provided on a circuit board, its operable power is 10 to 
20W. One battery 6 within a battery pack 5 has a maximum voltage of 4V, and a 
voltage sensing IC 8 and an FET 9 are provided as sensing means 7. In this case, 
the protection devices 2A and 2B have to be prepared such that the heating resistor 
3 has the resistance values of Table 1 for each number of serially connected 
batteries 6 that are included in the battery pack 5. 

[Table 1] 



Number of serially connected 


Resistance value (Q) 


batteries 




1 


0.8-1.6 


2 


1 3.2 - 6.4 


3 


7.2-14 


4 


13-26 


5 


20-40 






10 


80-160 



[0008] Suppose that in a battery pack 5 having ten serially connected 
batteries, the protection circuit IX of Fig. 6 is formed using a 25 Q heating resistor 
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corresponding to a battery pack 5 having four serially connected batteries. In this 
case, in an overcharge condition, the voltage sensing IC 8 detects an overvoltage 
across the battery pack 5 resulting in a change in the gate potential of the FET 9. 
The power consumption W at the heating resistor 3 when a large current flows 
through the heating resistor 3 is given by the following equation: 

W = VxV/R = 40x40/25 = 64 W 
This thus amounts to 64 W, which is well beyond the operable range of from 10 to 
20 W. For this reason, before the fuse element 4 is melted, the heating resistor 3 
will burn. 

[0009] As can be seen from the foregoing example, it is necessary to use a 
heating resistor 3 of the protection devices 2A and 2B that has a resistance value 
corresponding to the voltage on the battery pack 5. 

[0010] On the other hand, a battery pack used in a mobile electronic device 
operating on a large current requires the protection device to include a large-current 
fuse element. From this point of view, a lineup of protection devices with fuse 
elements of various ratings is required, which has become problematic due to an 
increase in costs or prices of the protection device. 

SUMMARY 

[001 1] According to an embodiment, a protection circuit is provided which 
protects a battery pack from overcurrents and overvoltages using sensing means 
and a protection device having heating resistors and fuse elements provided on a 
circuit board. This protection circuit shares a protection device regardless of the 
current rating of the battery pack or regardless of the number of serially connected 
batteries in the battery pack. 

[0012] According to an embodiment, a protection circuit is provided which 
protects a battery pack having a plurality of rechargeable batteries connected in 
series from overcurrents and overvoltages by allowing a voltage to be applied to 
heating resistors of the protection device within an operable range of the protection 
device when the protection circuit is activated due to an overvoltage. That is, it is 
effective to allow the voltage of, not the total number of serially connected batteries 
in the battery pack, but a predetermined number of batteries to be applied to the 
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heating resistor in an overvoltage condition. Moreover, in detecting an overvoltage 
using the sensing means, the voltage to be detected need not always be the voltage 
of the total number of serially connected batteries in the battery pack but may be 
the voltage of a predetermined number of serially connected batteries. In an 
embodiment, to allow the shared use of a protection device, which has a rating for 
normal applications, in large-current applications, the protection devices should be 
arranged in parallel in a plurality of stages. 

[0013] That is, a first aspect is to provide a protection circuit for protecting 
a battery pack having rechargeable batteries connected in series from overcurrents 
and overvoltages. The protection circuit comprises: a protection device having a 
heating resistor and a fuse element provided on a circuit board; and sensing means 
for detecting an overvoltage across any of the batteries in the battery pack and 
switching a current flowing into the heating resistor. The protection circuit is 
designed such that the fuse element is melted in an overcurrent condition, and in an 
overvoltage condition on any of the batteries, the sensing means switches on 
current flowing into the heating resistor, thereby causing the heating resistor to 
generate heat and the fuse element to be melted. In particular, the protection circuit 
may be provided with a plurality of sensing means for detecting an overvoltage 
between different batteries. 

[0014] Furthermore, a second aspect is to provide a protection circuit for 
protecting a battery pack having rechargeable batteries connected in series from 
overcurrents and overvoltages. The protection circuit comprises: protection devices 
each having a heating resistor and a fuse element provided on a circuit board; and 
sensing means for detecting an overvoltage across any of the batteries in the battery 
pack and switching a current flowing into the heating resistor. The plurality of 
protection devices are connected in parallel. In an overcurrent condition, the fuse 
element is melted at each protection device. Additionally, in an overvoltage 
condition on any of the batteries, the sensing means switches on the current flowing 
into the heating resistor, thereby causing a voltage across a predetermined number 
of the batteries in the battery pack to be applied to the heating resistor of each 
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protection device, the heating resistor to generate heat, and the fuse element to be 
melted. 

[0015] The first and second aspects are each to provide a protection circuit 
which protects a battery pack having rechargeable batteries connected in series 
from overcurrents and overvoltages. The protection circuit includes a protection 
device having heating resistors and fuse elements provided on a circuit board, and 
overvoltage sensing means. 

[0016] In the first one of these protection circuits, the sensing means senses 
an overvoltage to switch on a current flowing into the heating resistor of the 
protection device and apply a voltage to the heating resistor of the protection 
device. At this time, the sensed voltage is not the voltage of the total number of 
serially connected batteries in the battery pack but the voltage across any of the 
serially connected batteries. For this reason, the heating resistor can be shared 
between a protection device used in a protection circuit for a battery pack having a 
larger number of serially connected batteries and a protection device used in a 
protection circuit for a battery pack having a smaller number serially connected 
batteries. This makes it possible to avoid producing many different protection 
devices, thereby reducing the manufacturing costs of the protection circuit. 
Furthermore, according to an embodiment of the protection circuit, a voltage 
sensing IC having a low voltage rating can detect an overvoltage on a battery pack 
having a high voltage rating. Here, assuming that the sensed voltage is a voltage 
across an individual battery between any batteries, it is possible to observe a 
charged condition according to a variation in the characteristics of each individual 
battery in the battery pack. On the other hand, in this protection circuit, a plurality 
of sensing means can be provided to detect an overvoltage between different 
batteries in the battery pack. In this case, even when such a voltage sensing IC is 
not available which has a high voltage rating and detects an overvoltage on the 
whole battery pack due to its larger number of serially connected batteries, it is 
possible to form a protection circuit using an existing voltage sensing IC having a 
low voltage rating corresponding to a battery pack having a smaller number of 
serially connected batteries. 
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[0017] In the second one of these protection circuits, the protection devices 
are connected in parallel, and thus the fuse elements are also connected in parallel. 
For this reason, the fuse element of the protection device can be shared between a 
protection circuit allowing a larger current to flow through the battery pack and a 
protection circuit allowing a smaller current to flow through the battery pack, 
thereby reducing the manufacturing costs of the protection device. Accordingly, 
the protection circuit can be manufactured at reduced costs as a whole. 

[0018] Additional features and advantages of the present invention are 
described in, and will be apparent from, the following Detailed Description and the 
figures. 

BRIEF DESCRIPTION OF THE FIGURES 

[0019] Fig. 1 shows a protection circuit according to an embodiment; 

[0020] Fig. 2 shows a protection circuit according to an embodiment; 

[0021] Fig. 3 shows a protection circuit according to an embodiment; 

[0022] Fig. 4 is an explanatory view showing a conduction path where a 
fuse element is melted in a circuit having protection devices arranged in parallel; 

[0023] Fig. 5 is an explanatory view showing a conduction path where a 
fuse element is melted in a circuit having protection devices arranged in parallel; 

[0024] Fig. 6 is an explanatory view showing a problem with a 
conventional protection circuit; and 

[0025] Fig. 7 is an explanatory view showing a problem with a 
conventional protection circuit. 

DETAILED DESCRIPTION 

[0026] Fig. 1 shows a protection circuit 1 A according to one embodiment of 
the first aspect. The protection circuit 1A protects a battery pack 5 having ten 
serially connected rechargeable batteries 6-1 to 6-10 from overcurrents and 
overvoltages, and includes a protection device 2A and sensing means 7. 

[0027] As described in the publication of Japanese Patent No. 2790433 and 
Japanese Patent Laid-Open Publication No. 2000-285778, the protection device 2 A 
is designed to have heating resistors 3 and fuse elements 4 provided on a circuit 
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board, so that a current flows through the heating resistors 3 to generate heat 
thereby causing the fuse element 4 to be melted. 

[0028] The sensing means 7 includes a voltage sensing IC 8 and an FET 9. 
The voltage sensing IC 8 is connected so as to sense a voltage between the first 
battery 6-1 and the fourth battery 6-4, and output the sensed signal to the gate of the 
FET 9. By connecting the voltage sensing IC 8 in this manner, the voltage sensing 
IC 8 suitable for sensing the serial voltage of four batteries can be used to detect an 
overvoltage on the battery pack 5 having ten serially connected batteries. In 
particular, in this protection circuit IB, the voltage sensing IC 8 is connected so as 
to also detect a voltage on individual batteries between the first battery 6-1 and the 
fourth battery 6-4. Accordingly, it is possible to detect an overvoltage on each 
battery even in the presence of variations in characteristics of the individual 
batteries accommodated in the battery pack 5 and variations in voltage on the 
individual batteries during charging. 

[0029] In the protection circuit 1A, an overcurrent flowing through the 
battery pack 5 would cause the fuse element 4 of the protection device 2A to be 
melted. Furthermore, an overvoltage on the battery pack 5 would cause the FET 9 
to have a gate potential above a predetermined voltage and to be thereby switched 
on. This in turn causes a current to suddenly flow through the drain - source of the 
FET 9 and thus a current to suddenly flow through the heating resistor 3 of the 
protection device 1 A, thereby causing the heating resistor 3 to generate heat and the 
fuse element 4 to be melted. 

[0030] Here, since the source terminal of the FET 9 is connected between 
the battery 6-4 and the battery 6-5 in the battery pack 5, a voltage across the heating 
resistor 3 under the switched-on condition is not the voltage across the battery pack 
5 but a serial voltage across four batteries that is defined by the position of this 
connection. Thus, according to this protection circuit, the heating resistor 3 suitable 
for a serial voltage across four batteries applied to the heating resistor 3 under the 
switched-on condition can also be used to cope with an overvoltage on the battery 
pack 5 having ten serially connected batteries, thereby providing the protection 
circuit at reduced costs. 
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[0031] In consideration of troubles caused by a short circuit between 
batteries, a voltage across as many serially connected batteries as possible is 
preferably applied to the heating resistor 3 under the switched-on condition. 
However, since there is an extremely low possibility of a short circuit between 
batteries, a voltage across two or more serially connected batteries may be applied 
to the heating resistor 3 in practice. 

[0032] Furthermore, the protection circuit 1A of Fig. 1 is provided with a 
resistor R between the gate and the source of the FET 9. This is because the gate 
potential of the FET 9 needs to be made higher to a certain extent than the source 
potential in order to switch on the N-channel TFT when the voltage sensing IC 8 
has detected an overvoltage. 

[0033] Like the protection circuit 1A of Fig. 1, a protection circuit IB of 
Fig. 2 is designed such that a voltage sensing IC 8-1 is connected so as to sense a 
voltage between the first battery 6-1 and the fourth battery 6-4, and a voltage 
sensing IC 8-2 is also connected between the remaining battery 6-5 and the seventh 
battery 6-7, thus providing two voltage sensing ICs. When either the voltage 
sensing IC 8-1 or 8-2 has sensed an overvoltage, the fuse element 4 of the 
protection device 2A is melted to thereby protect the battery pack 5 from being 
overcharged. 

[0034] That is, when an overvoltage occurs on any one battery between the 
first battery 6-1 and the fourth battery 6-4, the voltage sensing IC 8-1 raises the gate 
potential of an FET 9-3 causing the FET 9-3 to be switched on. This in turn causes 
a current to suddenly flow through the heating resistor 3 of the protection device, 
thereby allowing the heating resistor 3 to generate heat and the fuse element 4 to be 
melted. 

[0035] On the other hand, when there occurs an overvoltage on any one 
battery between the fifth battery 6-5 and the seventh battery 6-7, the voltage 
sensing IC 8-2 raises first the gate potential of an FET 9-1 causing a current to 
suddenly flow through the drain - source of the FET 9-1 and thereby lowering the 
gate potential of a FET 9-2. Since this FET 9-2 is a P-channel FET, the FET 9-2 is 
switched on due to a drop in the gate potential, causing a current to suddenly flow 
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through the drain - source. This raises the gate potential of the FET 9-3 causing the 
FET 9-3 to be switched on, thus allowing a current to suddenly flow through 
heating resistor 3 of the protection device. The heating resistor 3 thus generates 
heat to melt the fuse element 4. Here, diodes D-l and D-2 are provided in order to 
prevent the raised gate potential of the FET 9-3 from being lowered via other parts 
of the circuit. 

[0036] Thus, according to the protection circuit IB, the voltage sensing ICs 
8-1 and 8-2 corresponding to, for example, three or four serially connected batteries 
can be used to perfectly prevent an overvoltage occurring on the battery pack 
having ten serially connected batteries. In other words, even when such a voltage 
sensing IC is not available which has a high voltage rating and detects an 
overvoltage on the whole battery pack due to its larger number of serially 
connected batteries, it is possible to form a protection circuit using an existing 
voltage sensing IC having a low voltage rating corresponding to a battery pack 
having a smaller number of serially connected batteries. 

[0037] Fig. 3 is a protection circuit IC according to one embodiment of the 
second aspect o directed to a large-current battery pack. The protection circuit IC 
is provided with four protection devices 2A in parallel, which are the same as the 
one described above. Accordingly, even when a large current flows into the battery 
pack 5 in its normal conducting condition and the fuse element 4 would be melted 
in a case of the protection device 2A being singly provided, the protection circuit 
IC allows the conduction path to be branched into four shunts in the protection 
device 2A, thus preventing the fuse element 4 from being melted. 

[0038] On the other hand, in an overcurrent condition, the fuse element 4 of 
each protection device 2A is melted. Thus, according to the protection circuit IC, 
the fuse element of the protection device can be shared between a protection circuit 
allowing a larger current to flow into the battery pack and a protection circuit 
allowing a smaller current to flow into the battery pack, thereby reducing the 
manufacturing costs of the protection device. 

[0039] Suppose that in a circuit having protection devices arranged in 
parallel, an overcurrent causes the fuse element 4 to be melted, for example, in a 
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way as shown in Fig. 4 or Fig. 5. In this case, there will remain conduction paths in 
the circuit as shown by the arrows even after the fuse element 4 has been melted. 
In order to prevent such a conduction path from remaining after the fuse element 4 
has been melted, a rectifier element is preferably connected to the heating resistor, 
and thus in the protection circuit 1C shown in Fig. 3, a diode is connected to the 
protection device 2A. Alternatively, an FET may also be connected as the rectifier 
element to the protection device 2A. 

[0040] Furthermore, pursuant to the two voltage sensing IC stages provided 
in the protection circuit IB of Fig. 2, the protection circuit 1C is provided with 
three voltage sensing IC stages, and each of voltage sensing ICs 8-1, 8-2, and 8-3 
employed is suitable for sensing the voltage of two to four serially connected 
batteries. Each of the voltage sensing ICs 8-1, 8-2, and 8-3 senses not only the 
voltage across a row of batteries respectively but also the voltage on individual 
batteries. Thus, according to the protection circuit IC, even when any one of the 
ten batteries 6-1 to 6-10 is overcharged, any one of the three voltage sensing ICs 8- 
1, 8-2, and 8-3 senses it, causing the FET 9-3 to be switched on. This in turn 
allows a serial voltage of the four batteries 6-1 to 6-4 to be applied to each heating 
resistor 3 of the protection device 2A, thereby causing the heating resistor 3 to 
generate heat and the fuse element 4 to be melted. As described above, according 
to the protection circuit IC, it is possible to form a protection circuit suitable for a 
battery pack having ten serially connected batteries, by using the voltage sensing IC 
and the protection device which are suitable for sensing the voltage across two to 
four serially connected batteries. 

[0041] It should be understood that various changes and modifications to 
the presently preferred embodiments described herein will be apparent to those 
skilled in the art. Such changes and modifications can be made without departing 
from the spirit and scope of the present invention and without diminishing its 
intended advantages. It is therefore intended that such changes and modifications 
be covered by the appended claims. 
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ABSTRACT OF THE DISCLOSURE 



A protection circuit is provided. The protection circuit protects a battery 
pack from overcurrents and overvoltages using sensing means and a protection 
device having a heating resistor and a fuse element provided on a circuit board. 
This protection circuit allows for sharing a protection device regardless of the 
current rating and the voltage rating of the battery pack, thereby being 
manufactured at low costs. A protection circuit protects a battery pack having 
serially connected rechargeable batteries from overcurrents and overvoltages. The 
protection circuit includes a protection device having heating resistors and fuse 
elements provided on a circuit board, and sensing means for detecting an 
overvoltage across any of the batteries in the battery pack and switching a current 
flowing into the heating resistor. The protection circuit allows the sensing means in 
an overvoltage condition to switch on the current flowing through the heating 
resistor. This allows the voltage across a predetermined number of the serially 
connected batteries in the battery pack to be applied to the heating resistor, thereby 
causing the heating resistor to generate heat and the fuse element to be melted. 
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Marked-Up Version of Substitute Specification 

TITLE D ESCRIPTION 
PROTECTION CIRCUIT 
CROSS REFERENCE TO RELATED APPLICATIONS 

The present application claims priority to Japanese Patent Document No. 
2004-291756 filed on October 4, 2004, the disclosure of which is herein 
incorporated by reference. 

BACKGROUND TECHNICAL FIELD 

The present disclosure relates to a protection circuit which protects a battery 
pack from overcurrents and overvoltages using a protection device having heating 
resistors and fuse elements provided on a circuit board. 
BACKGROUND ART 

As mobile electronic devices such as cellular telephones or notebook PCs 
have been widely used, the lithium-ion battery market has been-expanded. These 
mobile electronic devices typically employ a battery pack , as its having a p ower 
suppl y, which has including one to four lithium-ion batteries connected in series. 
Such a battery pack may ignite or cause smoke when the lithium-ion battery is 
overcharged (i.e., becomes under an overvoltage) during recharging, and is thus 
provided with a protection circuit to avoid overcharges. 

This protection circuit is required to protect the batteries from both 
overcurrents and overvoltages. To this end, e mployed is a protection circuit is 
employed which includes a protection device having heating resistors and fuse 
elements provided on a circuit board, and a sensing device for detecting an 
overvoltage and switching a current flowing into the protection device. This 
protection circuit is designed such that the fuse element is melted in an overcurrent 
condition, while in an overvoltage condition, the sensing device allows a current to 
suddenly flow through the heating resistor, thereby causing the heating resistor to 
generate heat by which the fuse element is melted (Pat e nt Docum e nt 1) . See, 

[Pat e nt Document 1] Publication of Japanese Patent No. 2790433,, 
DISCLOSURE OF THE INVENTION 
PROBLEMS TO BE SOLVED BY THE INVENTION 
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In recent years, as the market for mobile electronic devices that operate on a 
large current has been expanded, such a battery pack has come into use that 
operates at a rated voltage for about 10 serially connected lithium-ion batteries, 
which is well over previous rated voltages for four or less serially connected 
lithium-ion batteries. 

On the other hand, in the aforementioned battery pack protection circuit, 
the voltage applied across the heating resistor of the protection device is dependent 
on the number of serially connected batteries that are included in the battery pack. 
Accordingly, to ensure that the fuse element of the protection device is melted in an 
overcharge condition, a lineup of protection devices has to be prepared each of 
which is provided with a heating resistor having an appropriate resistance value for 
each number of serially connected batteries. However, now that battery packs have 
a variety of voltage ratings for four or less to about ten serially connected lithium- 
ion batteries, this has become problematic due to an increase in costs or prices 
resulting from many different protection devices being produced. 

For example, in a- the p rotection circuit IX of Fig. 6 and a protection circuit 
1 Y of Fig. 7, suppose that if protection devices 2A and 2B each include heating 
resistors 3 and fuse elements 4 which are provided on a circuit board, its operable 
power is 10 to 20Wr-ene -. One b attery 6 within a battery pack 5 has the-a 
maximum voltage of 4V, and a voltage sensing IC 8 and an FET 9 are provided as 
sensing means 7. In this case, the protection devices 2 A and 2B have to be 
prepared such that the heating resistor 3 has the resistance values of Table 1 for 
each number of serially connected batteries 6 that are included in the battery pack 
5. 

[Table 1] 



Number of serially connected 
batteries 


Resistance value (Q) 


1 


0.8 - 1.6 


2 


3.2 - 6.4 


3 


7.2-14 


4 


13-26 


5 


20-40 






10 


80-160 
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Suppose that in a battery pack 5 having ten serially connected batteries, the 
protection circuit IX of Fig. 6 is formed using a 25 Q heating resistor 
corresponding to a battery pack 5 having four serially connected batteries. In this 
case, in an overcharge condition, the voltage sensing IC 8 detects an overvoltage 
across the battery pack 5 resulting in a change in the gate potential of the FET 9. 
The power consumption W at the heating resistor 3 when a large current flows 
through the heating resistor 3 is given by the following equation: 

W = VxV/R = 40x40/25 = 64 W 

This thus amounts to 64 W, which is well beyond the operable range of 
from 10 to 20 W. For this reason, before the fuse element 4 is melted, the heating 
resistor 3 will bo burn e d out b urn . 

As can be seen from the foregoin g example , it is necessary to use such a 
heating resistor 3 of the protection devices 2A and 2B that has a resistance value 
corresponding to the voltage on the battery pack 5. 

On the other hand, a battery pack used in a mobile electronic device 
operating on a large current requires the protection device to include a large-current 
fuse element. From this point of view, a lineup of protection devices with fuse 
elements of various ratings is required, which has become problematic due to an 
increase in costs or prices of the protection device. 

SUMMARY 

Tt ir . therefore nn object of th e pres e nt invention to pro vid e According to an 
embodiment, a protection circuit is provided which protects a battery pack from 
overcurrents and overvoltages using sensing means and a protection device having 
heating resistors and fuse elements provided on a circuit board. This protection 
circuit is intend e d to share -shares a protection device regardless of the current 
rating of the battery pack or regardless of the number of serially connected batteries 
in the battery pack. 

MEANS FOR SOLVING THE PROBLEMS 

Th e inv e ntors hav e compl e t e d th e pr e s e nt invention by finding th e 
following facts i n According to an embodiment, a protection circuit —is provided 
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which protects a battery pack having a plurality of rechargeable batteries connected 
in series from overcurrents and overvoltages . in an att e mpt to allow by allowing a 
voltage to be applied to heating resistors of the protection device within an operable 
range of the protection device when the protection circuit is activated due to an 
overvoltage. That is, £±)-it is effective to allow the voltage of a not the total number 
of serially connected batteries in the battery pack^ but a predetermined number of 
batteries to be applied to the heating resistor in an overvoltage condition. (2) In 
Moreover, in detecting an overvoltage using the sensing means, the voltage to be 
detected needs- need n ot always te-be the voltage of the total number of serially 
connected batteries in the battery pack but may be the voltage of a predetermined 
number of serially connected batteries. It was also found that In an embodiment, to 
allow the shared use of a protection device, which has a rating for normal 
applications, in large-current applications, the protection devices should be 
arranged in parallel in a plurality of stages. 

That is, a first aspect of the present inv e ntion is to provide a protection 
circuit for protecting a battery pack having rechargeable batteries connected in 
series from overcurrents and overvoltages. The protection circuit comprises: a 
protection device having a heating resistor and a fuse element provided on a circuit 
board; and sensing means for detecting an overvoltage across any of the batteries in 
the battery pack and switching a current flowing into the heating resistor. The 
protection circuit is designed such that the fuse element is melted in an overcurrent 
condition, and in an overvoltage condition on any of the batteries, the sensing 
means switches on the-current flowing into the heating resistor, thereby causing the 
heating resistor to generate heat and the fuse element to be melted. In particular, 
the protection circuit may be provided with a plurality of sensing means for 
detecting an overvoltage between different batteries. 

Furthermore, a second aspect of the pres e nt invention is to provide a 
protection circuit for protecting a battery pack having rechargeable batteries 
connected in series from overcurrents and overvoltages. The protection circuit 
comprises: protection devices each having a heating resistor and a fuse element 
provided on a circuit board; and sensing means for detecting an overvoltage across 
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any of the batteries in the battery pack and switching a current flowing into the 
heating resistor. The plurality of protection devices are connected in parallel. In an 
overcurrent condition, the fuse element is melted at each protection device. 
Additionally, in an overvoltage condition on any of the batteries, the sensing means 
switches on the current flowing into the heating resistor, thereby causing a voltage 
across a predetermined number of the batteries in the battery pack to be applied to 
the heating resistor of each protection device, the heating resistor to generate heat, 
and the fuse element to be melted. 
ADVANTAGE OF THE INVENTION 

The first and second aspects of the present invention are each to provide a 
protection circuit which protects a battery pack having rechargeable batteries 
connected in series from overcurrents and overvoltages. The protection circuit 
includes a protection device having heating resistors and fuse elements provided on 
a circuit board, and overvoltage sensing means. 

In the first one of these protection circuits, the sensing means senses an 
overvoltage to switch on a current flowing into the heating resistor of the protection 
device and apply a voltage to the heating resistor of the protection device. At this 
time, the sensed voltage is not the voltage of the total number of serially connected 
batteries in the battery pack but the voltage across any of the serially connected 
batteries. For this reason, the heating resistor can be shared between a protection 
device used in a protection circuit for a battery pack having a larger number of 
serially connected batteries and a protection device used in a protection circuit for a 
battery pack having a smaller number serially connected batteries. This makes it 
possible to avoid producing many different protection devices, thereby reducing the 
manufacturing costs of the protection circuit. Furthermore, according to this-an 
embodiment of the p rotection circuit, a voltage sensing IC having a low voltage 
rating can detect an overvoltage on a battery pack having a high voltage rating. 
Here, assuming that the sensed voltage is a voltage across an individual battery 
between any batteries, it is possible to observe a charged condition according to a 
variation in the characteristics of each individual battery in the battery pack. On the 
other hand, in this protection circuit, a plurality of sensing means can be provided 
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to detect an overvoltage between different batteries in the battery pack. In this 
case, even when such a voltage sensing IC is not available which has a high voltage 
rating and detects an overvoltage on the whole battery pack due to its larger number 
of serially connected batteries, it is possible to form a protection circuit using an 
existing voltage sensing IC having a low voltage rating corresponding to a battery 
pack having a smaller number of serially connected batteries. 

In the second one of these protection circuits, the protection devices are 
connected in parallel, and thus the fuse elements are also connected in parallel. For 
this reason, the fuse element of the protection device can be shared between a 
protection circuit allowing a larger current to flow through the battery pack and a 
protection circuit allowing a smaller current to flow through the battery pack, 
thereby reducing the manufacturing costs of the protection device. Accordingly, 
the protection circuit can be manufactured at reduced costs as a whole. 

Additional features and advantages of the present invention are described in, 
and will be apparent from, the following Detailed Description and the figures. 
BRIEF DESCRIPTION OF THE D RAWINGS FIGURES 

Fig. 1 shows a protection circuit according to a diff e rent asp e ct of the 
present inv e ntion an embodiment ; 

Fig. 2 shows a protection circuit according to a different aspect of th e 
pres e nt invention an embodiment ; 

Fig. 3 shows a protection circuit according to a different aspect of the 
present inv e ntion an embodiment ; 

Fig. 4 is an explanatory view showing a conduction path where a fuse 
element is melted in a circuit having protection devices arranged in parallel; 

Fig. 5 is an explanatory view showing a conduction path where a fuse 
element is melted in a circuit having protection devices arranged in parallel; 

Fig. 6 is an explanatory view showing a problem with a conventional 
protection circuit; and 

Fig. 7 is an explanatory view showing a problem with a conventional 
protection circuit. 
EXPLANATION OF SYMBOLS 
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IX, 1 Y: Conv e ntional protection circuit 

1A, IB, 1C: Prot e ction circuit according to an e mbodiment 

2 A, 2B: Prot e ction d e vic e 

3: Heating resistor 

4 : Fuse elem e nt 

5: Batt e ry pack 

6,6 1 to 6 10: Battery 

7: Sensing m e ans 

8, 8 1, 8 2, 8 3: Voltage sensing IC 
9,9 1,9 2,9 3: FET 
BEST MODE FOR CARRYING OUT THE INVENTION DETAILED 

DESCRIPTION 

Now, the present invention will be d e scrib e d b e low in more d e tail with 
refer e nc e to the accompanying drawings. — In each of th e drawings, like symbols 
indicat e the same or equivalent components. 

Fig. 1 shows a protection circuit 1A according to one embodiment of the 
first aspect of the pr e s e nt invention . The protection circuit 1A protects a battery 
pack 5 having ten serially connected rechargeable batteries 6-1 to 6-10 from 
overcurrents and overvoltages, and includes a protection device 2A and sensing 
means 7. 

As described in the publication of Japanese Patent No. 2790433 (Pat e nt 
Docum e nt 1) and Japanese Patent Laid-Open Publication No. 2000-285778, the 
protection device 2A is designed to have heating resistors 3 and fuse elements 4 
provided on a circuit board, so that a current flows through the heating resistors 3 to 
generate heat thereby causing the fuse element 4 to be melted. 

The sensing means 7 includes a voltage sensing IC 8 and an FET 9. The 
voltage sensing IC 8 is connected so as to sense a voltage between the first battery 
6-1 and the fourth battery 6-4, and output the sensed signal to the gate of the FET 9. 
By connecting the voltage sensing IC 8 in this manner, the voltage sensing IC 8 
suitable for sensing the serial voltage of four batteries can be used to detect an 
overvoltage on the battery pack 5 having ten serially connected batteries. In 
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particular, in this protection circuit IB, the voltage sensing IC 8 is connected so as 
to also detect a voltage on individual batteries between the first battery 6-1 and the 
fourth battery 6-4. Accordingly, it is possible to detect an overvoltage on each 
battery even in the presence of variations in characteristics of the individual 
batteries accommodated in the battery pack 5 and variations in voltage on the 
individual batteries during charging. 

In the protection circuit 1 A, an overcurrent flowing through the battery pack 
5 would cause the fuse element 4 of the protection device 2A to be melted. 
Furthermore, an overvoltage on the battery pack 5 would cause the FET 9 to have a 
gate potential above a predetermined voltage and to be thereby switched on. This 
in turn causes a current to suddenly flow through the drain - source of the FET 9 
and thus a current to suddenly flow through the heating resistor 3 of the protection 
device 1A, thereby causing the heating resistor 3 to generate heat and the fuse 
element 4 to be melted. 

Here, since the source terminal of the FET 9 is connected between the 
battery 6-4 and the battery 6-5 in the battery pack 5, a voltage across the heating 
resistor 3 under the switched-on condition is not the voltage across the battery pack 
5 but a serial voltage across four batteries that is defined by the position of this 
connection. Thus, according to this protection circuit, the heating resistor 3 suitable 
for a serial voltage across four batteries applied to the heating resistor 3 under the 
switched-on condition can also be used to cope with an overvoltage on the battery 
pack 5 having ten serially connected batteries, thereby providing the protection 
circuit at reduced costs. 

In consideration of troubles caused by a short circuit between batteries, a 
voltage across as many serially connected batteries as possible is preferably applied 
to the heating resistor 3 under the switched-on condition. However, since there is 
an extremely low possibility of a short circuit between batteries, a voltage across 
two or more serially connected batteries may be applied to the heating resistor 3 in 
practice. 

Furthermore, the protection circuit 1 A of Fig. 1 is provided with a resistor R 
between the gate and the source of the FET 9. This is because the gate potential of 
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the FET 9 needs to be made higher to a certain extent than the source potential in 
order to switch on the N-channel TFT when the voltage sensing IC 8 has detected 
an overvoltage. 

Like the protection circuit 1A of Fig. 1, a protection circuit IB of Fig. 2 is 
designed such that a voltage sensing IC 8-1 is connected so as to sense a voltage 
between the first battery 6-1 and the fourth battery 6-4, and a voltage sensing IC 8- 
2 is also connected between the remaining battery 6-5 and the seventh battery 6-7, 
thus providing two voltage sensing ICs. When either the voltage sensing IC 8-1 or 
8-2 has sensed an overvoltage, the fuse element 4 of the protection device 2A is 
melted to thereby protect the battery pack 5 from being overcharged. 

That is, when there occurs an overvoltage occurs on any one battery 
between the first battery 6-1 and the fourth battery 6-4, the voltage sensing IC 8-1 
raises the gate potential of an FET 9-3 causing the FET 9-3 to be switched on. This 
in turn causes a current to suddenly flow through the heating resistor 3 of the 
protection device, thereby allowing the heating resistor 3 to generate heat and the 
fuse element 4 to be melted. 

On the other hand, when there occurs an overvoltage on any one battery 
between the fifth battery 6-5 and the seventh battery 6-7, the voltage sensing IC 8-2 
raises first the gate potential of an FET 9-1 causing a current to suddenly flow 
through the drain - source of the FET 9-1 and thereby lowering the gate potential of 
a FET 9-2. Since this FET 9-2 is a P-channel FET, the FET 9-2 is switched on due 
to a drop in the gate potential, causing a current to suddenly flow through the drain 
- source. This raises the gate potential of the FET 9-3 causing the FET 9-3 to be 
switched on, thus allowing a current to suddenly flow through heating resistor 3 of 
the protection device. The heating resistor 3 thus generates heat to melt the fuse 
element 4. Here, diodes D-l and D-2 are provided in order to prevent the raised 
gate potential of the FET 9-3 from being lowered via other parts of the circuit. 

Thus, according to the protection circuit IB, the voltage sensing ICs 8-1 and 
8-2 corresponding to, for example, three or four serially connected batteries can be 
used to perfectly prevent an overvoltage occurring on the battery pack having ten 
serially connected batteries. In other words, even when such a voltage sensing IC 
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is not available which has a high voltage rating and detects an overvoltage on the 
whole battery pack due to its larger number of serially connected batteries, it is 
possible to form a protection circuit using an existing voltage sensing IC having a 
low voltage rating corresponding to a battery pack having a smaller number of 
serially connected batteries. 

Fig. 3 is a protection circuit 1C according to one embodiment of the second 
aspect o f th e pres e nt inv e ntion directed to a large-current battery pack. The 
protection circuit 1C is provided with four protection devices 2A in parallel, which 
are the same as the one described above. Accordingly, even when a large current 
flows into the battery pack 5 in its normal conducting condition and the fuse 
element 4 would be melted in a case of the protection device 2A being singly 
provided, the protection circuit 1C allows the conduction path to be branched into 
four shunts in the protection device 2A, thus preventing the fuse element 4 from 
being melted. 

On the other hand, in an overcurrent condition, the fuse element 4 of each 
protection device 2 A is melted. Thus, according to the protection circuit 1C, the 
fuse element of the protection device can be shared between a protection circuit 
allowing a larger current to flow into the battery pack and a protection circuit 
allowing a smaller current to flow into the battery pack, thereby reducing the 
manufacturing costs of the protection device. 

Suppose that in a circuit having protection devices arranged in parallel, an 
overcurrent causes the fuse element 4 to be melted, for example, in a way as shown 
in Fig. 4 or Fig. 5. In this case, there will remain conduction paths in the circuit as 
shown by the arrows even after the fuse element 4 has been melted. In order to 
prevent such a conduction path from remaining after the fuse element 4 has been 
melted, a rectifier element is preferably connected to the heating resistor, and thus 
in the protection circuit 1C shown in Fig. 3, a diode is connected to the protection 
device 2A. Alternatively, an FET may also be connected as the rectifier element to 
the protection device 2A. 

Furthermore, pursuant to the two voltage sensing IC stages provided in the 
protection circuit IB of Fig. 2, the protection circuit IC is provided with three 
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voltage sensing IC stages, and each of voltage sensing ICs 8-1, 8-2, and 8-3 
employed is suitable for sensing the voltage of two to four serially connected 
batteries. Each of the voltage sensing ICs 8-1, 8-2, and 8-3 senses not only the 
voltage across a row of batteries respectively but also the voltage on individual 
batteries. Thus, according to the protection circuit 1C, even when any one of the 
ten batteries 6-1 to 6-10 is overcharged, any one of the three voltage sensing ICs 8- 
1, 8-2, and 8-3 senses it, causing the FET 9-3 to be switched on. This in turn 
allows a serial voltage of the four batteries 6-1 to 6-4 to be applied to each heating 
resistor 3 of the protection device 2A, thereby causing the heating resistor 3 to 
generate heat and the fuse element 4 to be melted. As described above, according 
to the protection circuit 1C, it is possible to form a protection circuit geed-suitable 
for a battery pack having ten serially connected batteries, by using the voltage 
sensing IC and the protection device which are suitable for sensing the voltage 
across two to four serially connected batteries. 
INDUSTRIAL APPLICABILITY 

Th e protection circuit according to th e pr e sent inv e ntion is useful as the 
prot e ction circuit for batt e ry packs with various voltag e ratings or current ratings, 
such as those used with c e llular telephon e s, not e book p e rsonal comput e rs, el e ctric 
cars, or e lectric motorcycl e s. 

It should be understood that various changes and modifications to the 
presently preferred embodiments described herein will be apparent to those skilled 
in the art. Such changes and modifications can be made without departing from the 
spirit and scope of the present invention and without diminishing its intended 
advantages. It is therefore intended that such changes and modifications be covered 
by the appended claims. 
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ABSTRACT OF THE DISCLOSURE 



A protection circuit is provided , which . The protection circuit protects a 
battery pack from overcurrents and overvoltages using sensing means and a 
protection device having a heating resistor and a fuse element provided on a circuit 
board. This protection circuit allows for sharing a protection device regardless of 
the current rating and the voltage rating of the battery pack, thereby being 
manufactured at low costs. 

A protection circuit 4A^-protects a battery pack 5-having serially 

connected rechargeable batteries € from overcurrents and overvoltages. The 
protection circuit iA^includes a protection device 2Ar-having heating resistors 3-and 
fuse elements 4-provided on a circuit board, and sensing means 7-for detecting an 
overvoltage across any of the batteries in the battery pack £-and switching a current 
flowing into the heating resistor-^. The protection circuit ±A^allows the sensing 
means 7-in an overvoltage condition to switch on the current flowing through the 
heating resistor-3-. This allows the voltage across a predetermined number of the 
serially connected batteries in the battery pack 5-to be applied to the heating resistor 
thereby causing the heating resistor 3-to generate heat and the fuse element 4-to 
be melted. 
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